The Chronic Care Model (CCM) was developed to improve chronic disease care, but it may also inform delivery of other types of preventive care. Using hierarchical analyses of service delivery to patients, we explored associations of CCM implementation with diabetes care and counseling for diet or weight loss and physical activity in community-based primary care offices.
A number of studies show that when care is consistent with the elements of the CCM quality of life and outcomes for patients with diabetes are better. 1,4,7,9 -13 The CCM may also be a pragmatic model for improving delivery of preventive services. 3, 14, 15 Hung et al 14 examined the usefulness of the CCM for addressing health risk behaviors related to tobacco, alcohol, diet, and physical activity. Their research 14 and the work of others 3, 15 suggest that the CCM may provide a useful framework for addressing these risk behaviors, reducing the gap between recommended and actual health promotion in primary care.
Complete implementation of the CCM, however, proves challenging. 14, 16 It is unclear whether comprehensive implementation of the CCM results in better outcomes than implementation of various individual elements.
1, 17 We do not know if some elements result in better improvements in chronic care delivery than others. 1, 18 Further, most of the studies that examine the effectiveness of the CCM do so in primary care offices within larger health care systems (eg, academic medical centers; large, multispecialty groups; or federally funded community health centers). 7,9,10,19 -22 Little research addresses the effectiveness of the CCM in small, independent primary care practices that typically lack formal infrastructure 1, 4, 23 to support quality improvement efforts. Yet redesign and medical home initiatives that incorporate CCM features 24, 25 are increasingly being envisioned as paths to improving care.
This study examined whether offices that incorporate more features of the CCM deliver better diabetes care and more counseling for diet or weight loss and physical activity in community-based primary care settings. Specifically, we tested the following hypotheses. First, family medicine practices that incorporate more features of the CCM will have better delivery of care for patients with diabetes and better behavioral counseling for overweight and obese patients. Second, practices with leadership that is open to innovation will see greater effectiveness of other CCM features with respect to behavioral counseling for overweight and obese patients.
Methods

Study Design
This secondary analysis evaluated cross-sectional, baseline data that was collected in 2006 and 2007 for a quality improvement intervention study: Supporting Colorectal Cancer Outcomes through Participatory Enhancements. Data included practice and patient characteristics as well as measures of practice organization and the care delivered to patients.
Specifically, 30 consecutive patients age 50 and older were recruited from each of 25 practices. After informed consent was obtained, each patient completed a patient survey, providing the following personal information: race, age, height, health status, perceived continuity of care within the practice, and receipt of diet, weight loss, or physical activity counseling during the past year by either a clinician or someone else within the practice. Reviews of medical records were conducted by trained research nurses and were used to obtain information concerning the presence of comorbidities and most recent weight. In addition, medical record reviews provided information about diabetes assessment, treatment, and achievement of intermediate outcomes among patients with diabetes. Height and weight, obtained from the patient survey and chart audit, respectively, were used to calculate body mass index (BMI).
To collect practice-level information, the lead physician completed a Clinical Management Survey with items about practice organization and services provided to patients to assist with behavioral change. Each staff member was asked to complete a Practice Staff Questionnaire (PSQ), which provided perceptions of practice organization; this included the practice's openness to change. Within the PSQ, clinicians and clinical staff were asked additional questions concerning the use of tools for decision making and organizing patient care.
This project was approved by the University of Medicine and Dentistry of New Jersey's Institutional Review Board. Written, informed consent was obtained from the head physician at each practice and from each patient. Consent was implied for any of remaining practice staff who completed the CMS and PSQ. Practice staff received a $5 gift card to Walmart or Blockbuster Video as an incentive for completing the PSQ.
Measures for Hierarchical Analyses
Practice Implementation of CCM
Relevant items from all survey instruments were identified and sorted according to the definitions of the components of the CCM; the Assessment of Chronic Illness Care 5 (ACIC) provided guidelines for classification. The ACIC was originally designed to measure the adoption of 6 components of CCM for practices engaging in interventions and was specifically aimed at integrating the CCM into practice. Specifically, the 2 primary authors (PAOS, SVH) created a draft sorting of items, which was then vetted and modified by the team during a series of 3 meetings. For all items, practice-level values were merged into a single data set (taking averages of responses from patient or practice staff members when appropriate). Because items were measured on different scales ranging from binary to a 5-point Likert scale, z scores were created for each item to ensure comparability across items within a practice. Practice-level scores for each of the 5 CCM components were created by taking the average of the relevant items' z scores. This approach provides roughly equal weighting for items within each CCM component. Comprehensive CCM implementation was represented by an average of the component scores for each practice.
Patient Services
These measures represent services at the patient level, which will be used as the outcomes of interest for this study. Receipt (Yes/No) of either diet or weight-loss counseling and physical activity counseling within the last year were obtained from patient surveys. Assessment (whether glycated hemoglobin [HbA1c] was assessed within the last 6 months, low-density lipoprotein [LDL] was assessed within last 12 months, and blood pressure checked during each of the last 3 visits); treatment (HbA1c Ͻ7.0 Ն7.0 and taking hypoglycemic medication, LDL Յ100 or Ͼ100 and taking lipid lowering medication, and blood pressure Յ130/85 or, if not, taking hypertensive medication); and the attainment of at least 2 out of 3 intermediate outcomes (HbA1c Ͻ7.0, LDL Յ100, and blood pressure Յ130/85) for diabetes patients were obtained from medical review.
) using self-reported height and last recorded weight (from the medical record) and was classified as normal (Ͻ25), overweight (25 to Ͻ30), or obese (Ն30). This variable was used to identify the population of patients who were overweight or obese.
Statistical Methods
Summary statistics of patient-level characteristics, calculated as means and SDs for continuous variables or frequencies for categorical variables, were calculated for all patients as well as for subsets of patients who were overweight, obese, or had diabetes. Similar statistics were calculated for the practice descriptors.
Hierarchical logistic regression examined the association between delivery of services or achievement of intermediate outcomes at the patient level and the level of CCM implementation at the practice level. Specifically, generalized estimating equations 26,27 using a working correlation matrix with exchangeable structure modeled log-odds of service delivery as a function of practice-and patient-level covariates. These analyses, though using the patient as the unit of analysis, controlled for the nesting of patients within practice and appropri-ately tested for the significance of both patient-and practice-level variables.
For hypothesis 1, only patients with diabetes (n ϭ 196) or patients who were overweight or obese (n ϭ 491) were included in the analyses. The average of the practice-level scores for each of the 5 CCM components was used as a comprehensive measure of CCM implementation to predict service • A process to prompt clinicians at the time of visits about needed tests or additional visits. ‡
• Risk factor chart stickers or electronic flags ‡
• Checklists or flowcharts ‡ *Average component scores were created as an average of z-scores from items used to assess each component. † Practice Staff Questionnaire (PSQ), each item scored on a 1 to 5 scale, "strongly disagree" to "strongly agree." ‡ PSQ, each item scored on a 1 to 5 scale, "never used" to "always used." § Clinical Management Survey (CMS), scored on a 1 to 5 scale, "never used" to "always used." ʈ CMS, scored on a 1 to 5 scale, "weekly," "monthly," "quarterly," "annually," "never." ¶ CMS, a count of the types of staff in attendance: physicians, other clinicians, nursing staff, office staff. **Patient survey, scored 1 to 5, "never" to "always." † † PSQ, 0 or 1 for "not used" or "used." PDA, personal digital assistant.
delivery. Secondary analyses for this hypothesis evaluated the individual components simultaneously within a single model. For each of these predictors, odds ratios (ORs) and 95% CIs were estimated comparing the effectiveness for practices in the 25th and 75th percentiles of CCM implementation in delivering services. Post hoc analyses stratified these results to examine separately counseling for patients who did and did not have diabetes. For hypothesis 2, practices were stratified using a median split on the Practice Organization component as being "high" or "low" on openness to innovation. Analyses similar to those described above examined the association of the average of the 4 remaining CCM components with service delivery within each group of practices. Odds ratios estimated the effect of CCM implementation (comparing the 25th and 75th percentiles of implementation of the 4 remaining CCM components) and service delivery among practices more and less open to innovation.
All analyses included age, sex, obesity status, general health status, and whether the patient had diabetes (included as appropriate), hypertension, or a heart condition as patient-level covariates and whether the practice used an electronic medical record or not as a practice-level covariate. All analyses were conducted using the SAS/STAT software (SAS system for Windows, version 9.1.3; SAS Institute Inc, Cary, NC). Table 2 presents patient characteristics. Of the 25 practices, 23 (92%) had 2 or more physicians; the average number of physicians was 4.28 (SD, 3.10). Practices had been in existence for an average of 11 years (SD, 8.5).
Results
Means and SDs for the CCM component scores are given in Table 1 . Of interest, the CCM components had varying levels of correlation with one another, with only one significant correlation (0.61) between Decision Support and Behavioral Change Support (P ϭ .0013). Decision support was also marginally associated with openness to change (r ϭ 0.35; P ϭ .089) and Clinical Information Systems (r ϭ 0.37; P ϭ .066); Behavioral Change Support was marginally associated with Clinical Information Systems (r ϭ 0.36; P ϭ .074). All other correlations (r Ͻ 0.18) had P Ͼ .40.
Hypothesis 1 (Table 3)
For patients with diabetes, increased CCM implementation was significantly associated with increased assessment of HbA1c, lipids, and blood pressure (OR ϭ 1.90, P ϭ .009) and with treatment for HbA1c, lipids and blood pressure (OR, 1.79; P ϭ .015). For example, the odds of appropriate assessment for patients with diabetes were 90% greater for practices in the 75th percentile of CCM implementation relative to those in the 25th percentile. The relationships of achievement of targets as well as counseling for diet/weight loss or physical activity among diabetic patients with CCM implementation were not significant.
However, for all obese and overweight patients, including those with and without diabetes, CCM implementation was associated with physical activity counseling (P ϭ .0017) but not diet or weightloss counseling (P ϭ .31). The odds of counseling for physical activity were 35% higher for patients in practices at the 75th percentile of CCM implementation relative to those in the 25th percentile. This OR is comparable to the magnitude of those for assessment, treatment, and achievement of targets for patients with diabetes (also shown in Table 3 ).
In additional analyses to understand the discrepancy between results for counseling among patients with diabetes and among overweight/obese patients, the latter category was broken down into 2 groups: patients with diabetes and patients without diabetes. Overall CCM implementation was significantly associated with physical activity counseling among obese/overweight patients without diabetes (OR, 1.51; P ϭ .0017), but not among obese/overweight patients with diabetes (P ϭ .76).
Hypothesis 2 (Table 4)
Among practices with low scores on Practice Organization, defined as "open to innovation," there was no effect of the remaining CCM components on the outcomes of interest either for patients with diabetes or for obese or overweight patients. However, the level of implementation of the remaining CCM components was associated with appropriate assessment, treatment, and attainment of targets among patients with diabetes (P ϭ .042, .0033, and .012, respectively). In addition, among practices that were more open to innovation, physical activity counseling was more likely to occur for patients who were obese or overweight in practices with increased CCM implementation (P ϭ .0006).
Discussion
In this study, patients with diabetes who were seen in practices that have implemented more CCM features were significantly more likely to receive appropriate diabetes care. In addition, physical activity counseling for overweight/obese patients was more likely to occur in primary care practices where more CCM features were implemented, particularly within practices reporting leadership that was more open to "innovation" or among obese or overweight patients without diabetes. However, no association was seen between the implementation of CCM features and weight-loss or diet counseling.
Although associations were strongest and most significant when the CCM was considered as a whole rather than subdivided into components, correlations between components of the CCM were small to moderate. This suggests, as reported by others, 1 that none of the individual components are universally important; rather, small efforts in several of the component areas or a major effort Data presented as n (%) unless otherwise indicated. *Data presented as mean (SD).
-, these n (%) are not provided as these services or targets are not recommended per guidelines for these groups of patients. within one component may be acceptable ways to incorporate CCM features into community primary care practices and to enhance patient care.
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This finding is consistent with the idea that primary care practices are complex adaptive systems where a "one-size-fits-all" approach is unlikely to be successful. 28, 29 Each practice may incorporate features of the CCM in their practice that are most consistent with their resources, values, and culture, resulting in improved patient care for that unique practice.
The effectiveness of the CCM may be diminished when psychosocial barriers or competing demands are strong. For example, in this study, with rates of counseling for diet or weight-loss counseling already relatively high for overweight and obese patients (67%) as compared with previously published studies, 28, 29 persistent barriers already recognized in the literature may limit any additional improvement because of the CCM. For example, despite comprehensive published guidelines 30, 31 aimed at increasing the frequency of weight counseling, physicians report feeling poorly prepared to effectively recommend weight-management strategies or to develop and implement weight-reduction and treatment plans. [32] [33] [34] [35] Further, although weight and obesity are delicate topics, 35, 36 talking about physical activity may be a way to broach the subject indirectly. This less direct approach may encounter fewer barriers and be more easily influenced by the implementation of mechanistic procedures intended to motivate physicians. Similar explanations may be found to explain why CCM implementation is effective in improving rates of physical activity counseling among patients without diabetes but not patient with diabetes. In this case, during the encounter the competing demands of providing care to manage diabetes, its complications, or other chronic diseases may provide barriers to counseling that are difficult to overcome. 37 A study finding that has potential broad-reaching implication-not just for CCM implementation but also for implementing other quality-improvement models for care, practice redesign efforts, or medical home initiatives-is that a practice's openness to innovation can impact how effective a model is for improving care. Existing literature identifies characteristics of practice organization 38, 39 that may inform these processes, such as the nature of relationships among practice members, 40, 41 the practice members' ability to work as a team, 42 and how a practice manages knowledge. 43 Thus, regardless of the model for change that will be used, consideration needs to be given to the development of a practice's organizational systems to innovate and deliver high-quality care, 44 whether it be chronic disease management or health promotion advice and services. A number of limitations exist for this study. Because this study was an observational, cross-sectional study rather than a clinical trial, inference of causation is not appropriate. Several clinical trials have been conducted or are underway that examine full CCM implementation within primary care practices. 23, 45, 46 Additional studies have found improved patient care after CCM implementation using study designs that address patient care before and after implementation. 47, 48 Another limitation is the small sample (n ϭ 25) of mostly privately owned practices located in New Jersey; because of this our results may not be broadly generalizable. However, of all communitybased primary care practices in the United States, approximately two thirds have 5 or fewer physicians. 49 Further, the results found here reflect those from other studies. 50 As an additional limitation, the instruments were not specifically designed to measure CCM implementation. Thus, our measurement of CCM characteristics within practices in this secondary analysis may include both theoretical and measurement error with respect to the true intent of the CCM. However, practices in this study did not seek to implement the CCM or even have direct knowledge of the model. A review of qualitative data validated that practices enrolled in this study had very minimal levels of CCM implementation, most of which were captured in our surveys. This study focused on small, mostly privately owned primary care practices (typical of the majority of primary care settings in the United States), many of which were struggling with the basic issues related to financial solvency and staff turnover. There are a number of studies that look at weight counseling in idealized settings, 51 -54 yet few studies adequately examine the delivery of weight counseling in the primary care setting, [55] [56] [57] [58] where most people receive their care most of the time. The level of CCM implementation witnessed in this study was quite low relative to the ideal as described in the ACIC. Although this may be seen as a weakness of this study, the fact that we saw effects of such low levels of CCM implementation is extremely promising in that an ordinary primary care practice that is open to innovation may not need to invest large amounts of capital and other resources or implement the complete CCM to see positive results.
